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An examination of permeable, relatively 
impermeable, and permafrost basins indicates that 
rainfall/runoff relationships are generally of the 
same order of magnitude and variability under all 
basin conditions. However, highest yields were 
observed in permafrost basins. 


Data, dealing with,bank stability, sediment 
traucoout,e£nes annual lice regime, andsthe incidence 
of river.icings .are extremely limited in permafrost 
regions. The operation of a small number of index 
basins to investigate subsurface conditions, the 
development of standard river behaviour surveys, 
and the establishment of a central agency for the 
compilation and exchange of hydrologic data from 
permafrost areas are recommended. 


In addition, the question of professional 
responsibility for the development of northern 
waters is raised. 


R. W. Newbury 
Professor, University of Manitoba 
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An examination of river hydrology in permafrost 
reglonasisanecessarily theoretical. In 1973, canvassing 
over 30 Canadian consultants, governmental agencies, study 
centers, and universities for field data dealing with sub- 
arctic or arctic rainfall-runoff relationships, sediment 
transport phenomena, and river basin morphology produced 
a paltry amount of information. Most researchers were 
either new to northern regions or had not the elaborate 
facilities required to obtain reliable data. 


However, a few encouraging studies such as those 
conducted by Anderson and Mackay (1973) or Dingman (1973) 
do provide field data from permafrost basins with which 
the adjustments to conventional hydrologic modelling can 
be assessed. 


River Basin Behaviour 


The simplified hydrologic flow model shown in 
Figure 1 e4llows*® tor the combination off direct runoff, 
interflow, and groundwater discharge to provide streamflow 
in quantities varying widely from base flow to peak flow 
events depending on which and how many components of the 
System are active at one time (Newbury, Cherry, and Cox, 
1969). The components of direct runoff and interflow are 
important in short duration events following a snowmelt or 
rainstorm period while the groundwater discharge component 
provides the long-term base flow component of the flow. 


In the opinions canvassed, a wide divergence 
was apparent on the functioning of the interflow and 
groundwater terms in permafrost regions. It was speculated 
on one hand that the interflow and groundwater components 
would be confined to the active layer only and it was 
Sucgested that, 45 a result. "runol? ratiocg.(runot:) rainral) 
ratio) would be higher. Similarly, base flows would not 
persist throughout the winter unless unfrozen surface 
storage primarily in open water bodies was available. On 
the other hand, a considerable body of opinion supported 
the permafrost basin model suggested by Williams and 
van Everdingen (1973) in which the permanently frozen areas 
of a watershed were treated as intermittent "confining beds 
of low but finite permeability." There are many instances 
of developed water supplies, springs and artesian acquifers 


Digitized by the Internet Archive 
In 2022 with funding from 
University of Alberta Library 


https://archive.org/details/riverhydrologyinODOnewb 


PRECIP. ON BASIN 
rain Snow 


| EVAPORATION | 


INFILTRATION 


SUB-SURFACE STORAGE ] 


[ interFtow |] [ cRounowaTeR FLOW |-> 


DIRECT RUNOFF STREAM FLOW -—> 


Wigure Pe schematic ™Diagranm*orethethydralogiea Process 


in permafrost basins which support the latter contention 
(Ramey *Garicon > Bowers , Pl9O73., Skane sand .Slaughter, ©1973}; 
Bonet 19 7398Shernans L973)! 


Whether or not the sub-surface components of a 
hydrologic system play a significantly different role in 
permafrost regions as compared to better known non-perma- 
frost regions should be reflected in the runoff ratios 
where"high’ values would ’indicate.a lowteapacity for inter- 
flow and subsurface storage. The highly variable runoff 
ratios for 3 permafrost and 2 non-permafrost basins are 
listed in Table I. The Glenn Creek basin near Fairbanks, 
Alaska as reported by Dingman (1973) contains a permanently 
mrozemesoil zone beneath a O.3 to 1.0 m. seasonal thaw zone 
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throughout two thirds of the watershed. The Boot Creek 
and Peter Lake basins near Inuvik and Reindeer Station 
N.W.T. as reported by Anderson and Mackay (1973) were 
PounGeCOmMeOnitain aGei1VelLayers ranging) from |0.31 to in 
excess of 1.0 m. deep in mid August. 


The non-permafrost basins are located in western 
Ontario and south-western Manitoba,south of the discontin- 
uous permafrost zone. The Kenora watershed lies in the 
Pre-Cambrian Shield in a region of sparsely distributed 
shallow overburden (0-10m.) containing a high portion of 
lacustrine clays. The relatively impermeable overburden 
and high incidence of exposed bedrock make the basin 
relatively impermeable. The Wilson Creek watershed on the 
Manitoba escarpment is underlain by highly permeable 
fractured and weathered shales that exhibit extremely high 
infiltration rates making the basin relatively permeable. 


As the Boot Creek and Peter Lake data were compiled 
on a weekly basis, the possibility of rainfall in one period 
producing runoff in another period increases the high 


variability of the runoff ratios. The Glenn Creek data was 
compiled on a monthly basis and was less subject to time 
pewiod’ errors. The Wilson Creek and Kenora watersheds 


data were derived for each storm or snow-melt event in- 
dividually using a base flow separation technique based on 
ground water discharge dilution. 


fyererice 2eethewraintall/runott ratios for aly 
basins have been plotted without attempting a further dis- 
tinction of individual storm parameters. Without further 
data, it is apparent that, in general, the impermeable basin 
Cui bits a slightly higher yield of runoff per unit of storm 
rainfall than the more permeable basin. Discounting the 
extreme ratios for permafrost basins as time period errors, 
it remains apparent that the majority.of storm events pro=- 
duce an even higher yield of runoff than the relatively 
impermeable basin. However, the general magnitude of the 
rainfall/runoff ratios does not vary widely from southern 
basins and the preliminary evidence would seem to support 
the intermittent limited permeability model suggested by 
Williams and von Everdingen (1973) as being a suitable 
perceptual model for a permafrost basin. Data dealing with 
midwinter base flows in small basins would be useful as a 
further indicator of sub-suriace conditions but mone were 
available. 


7 
feexD +2668 oul" isedatedgeu eng to ent a2 ows duodgur 
4812 yesbiriot bos Atvent teen salesd sisJ 1978% . 
saw (EVOL) ysadtc bra noazebaa yd bodroge% aa +t. nv 
bug t.0 mort entanet tree Es $$ 4o0 riantoos of bawo2 
° 


yeuguaé bro ot qoob .@ 0.1L Be 


azrsijrow nt herssol sts entasa aovtemisq-non sdT F 
coortb ef) tO H3uece,edoliings ars2es" ‘Hiuo8 bos ak 
re 0 esil beta ysisaw £:2°08A aar ,aros Jeotiamisq sHou 

butwdiwgecb yisereqe 2 golaust # oi bletd? aster dmad=ee9 

io AoOltaog dgktl & gasaraAgaos (,2O0f-O) ovsibtadzavo wollide — 

ts! fysvo. sddpomirsqat ywlevisaleoy efT .myseia ery 
sac¢ sii oNam doosbed baeoqes ito sonmehkoak dealin Oa 

< » bBedeagoecw A652 coallW ons -Sidasareqml visevisets: 

oldgedtass yYldain wt pbefrasbao et sx SMG ILIeS odotinsM 
te oyismesexs gidinrzea 32697 eofsids teredissw Soa heretoags 
elfdsemaenq viesviisaseler abeed si) § (haem as tat aotsavalliia£& 
balicacs sits pach Sani 39308 tag 2ee7t5S Jood waa BA 7 
boltsq 40 at itetabes to yoritdieecg off ,flead ylides 2 ae 
dginh odd sospatoni Bolyaq aedions of Tionws autouvbory 
tow f£1bb ¥ega0 onalo sft sctse. tieqaux sad Yo ydtiidaivey. 
mitt of d2etdye sacl aev bon elaad pideroem 2) fe belkquos 
hedsyorsw asvocs” bas ségexd gonitt adt eters bolseq 


-fi teevo ifsm-woune re wrote doze toi Bevised s14 rhe 
ro bw wed ar 0 tan 33 HoziIea 6G iy Bi wot * shod & ante iJ vilaebiy. : 
-molsvl th egtandtoe tb 19386 joveus 

| iva > 


{le vot sekses P?oner\lLetriay odd . 9 Beu_gts af 
~eth yvadtiuyi « anitaymetia Ivodstw baitolq eond oved be 
yods1u9 guoddsW .etessepaeq atote Ieubivttat te wo) 
ttesd sidssmisqat sid  Lasenes at ,3ed3 .Jostaggs et at a 
mroin to giew weg ion oe 2” eerie tadgid ylzvdgtie © H+ 
osl3 i eed dt +0 0 6.stesd afdsemseq svom sf? sede 
Be hotzaq emld eh eoias a izorinaxveq.s0% ise Sane 58: 
-O%q avgeve vols do yt raotem sai dads ssc a8 
aos oo aeds tieuss te blety bi 
atts io shat barges Intaceg ofa ,xevewod 
nreditoe mort ylohtw beret 20n) peeak Ss 
JIOgque OF Mase pega rive 
hi ‘am ¢ 
- 2 eee ae ne 
sae 


— 


44% 
wa Do kee. 


oe» $33 Ee: 


TABLE I 
RAINFALL/RUNOFF RATIOS FOR PERMAFROST AND NON-PERMAFROST BASINS 


WILSON CREEK (1) GLENN CREEK (2) BOOT CREEK (3) PETER LAKE (4) KENORA WATERSHED (5) 
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River Channel Behaviour 


No direct effects of permafrost on the behaviour 
of major rivers were apparent from the limited data avail- 
able. In all cases reported, the sensible heat of major 
river flows generally maintained a non-permafrost condition 
in the immediate sub-channel zone. The principal effect of 
the permafrost condition was the development of steep, under- 
cut, and slumping channel banks on numerous streams flowing 
through but not over permanently frozen surficial deposits 
(Cooper and Hollingshead, 1973). No sediment data compiled 
specifically from permafrost areas were discovered. 


Many peculiar characteristics of larger rivers 
in the permafrost regions could be attributed to the extreme 
sub-arctic and arctic climatic regimes rather than the 
occurrence of permatrost in the contributingobasins. 


River channel forms peculiar to zones of ice 
accumulation with well developed side-terraces can be re- 
lated to the annual ice regime of large northern rivers. 
Slush ice generation and accumulation such as that which 
occurs on the Nelson River and Churchill River in northern 
Manitoba can be analyzed by drawing an analogy between ice 
crystals within the flow and sediment, albeit that the 
crystals form spontaneously in the flow and are less dense 
rather than more dense than water. If this perspective is 
taken, it becomes apparent that in zones of low competency, 
the "ice-sediment" will rise and deposit on the surface of 
the river causing extreme ice accumulation phenomena in the 
upstream sections. 


Unfortunately many of the relationships describing 
accumulated ice cover stability, the gross tractive force of 
the flow and border ice growth, and the energy budget for a 
moving slush ice surface are preliminary and cannot be 
generalized on the basis of the limited data available. 


In smaller streams and braided channels, the 
OCCUrTEenceésolteriver icings,s0tonear totally ice-filled river 
cross-sections, have been reported by Anderson and Mackay 
(1973,2) and Carey (1973). In permafrost regions, the 
possibility of shallow channels freezing entirely in mid- 
winter exists due to the climatic regime rather than the 
permafrost condition although low groundwater discharge 
during mid-winter would assist the occurrence. The channel 
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Bedrock , permafrost or other impervious material 
a. The pervious alluvium is typically deeper beneath a riv- 


er than away from the river. 


. Wolter Flow —— 

TN OE ES EBD EUR ORT Ice Cover 

Pervious Alluvium 

Bedrock , permafrost or other 
impervious material 


b. An icing would occur in this case because the ice cover 
is frozen to the bed in a Shallow reach where the cross sec- 


tion of the pervious sub-bed material is smaller. 
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Bedrock, permafrost or other impervious material 


Pervious Alluvium 


c. Less-pervious sub-bed material might force sub-bed flow 
to break to the surface. 


Figure 3: River Cross-Sections and 
Brofitlessy TheseSolidsg arrows 
indicate possible paths of 
icing feed water (from Carey, 
1973.) 


geometry and discharge conditions leading to extreme river 
icings were postulated by Carey as shown in Figure 3 but 
additional data are not available to quantify the conditions. 


In spite of this lack of knowledge, major diversions 
of northern rivers are now under construction that will reduce 
flows in wide channels by over 90% of their normal mid-winter 
values. 
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Summary and Recommendations 


From the above brief comments, it is apparent 
that both in the area of water supply to rivers and the 
area of in-channel water, energy, and sediment relation- 
ships, a great deal more fundamental data would be desirable. 
Excellent lists of research priorities for permafrost basins 
and northern rivers have been prepared by Williams and 


von Everdingen (1973) and Neill (1973) that merit direct 
examination. 


In general, three major areas of future re- 
search needs are identified. 


thy) The need to develop and operate two or three 
specific permafrost basin studies to deter- 
mine subsurface conditions, winter stream- 
flows,tandserainfall/runoffyrelationships, 


2) the need to develop standard river basin 
form parameters and river channel behaviour 
surveys that include the compilation of now 
almost non-existent sediment data, 


and #93) the need to exchange, compile, and report 
northern hydrologic data through some central 
Canadian office or agency. 


If we could resolve that some single agency be 
designated as a repository and information center for perma- 
frost hydrologic data, a first step would be made towards 
understanding the processes of water, energy and sediment 
in the major portion of Canada. 


FEBRUARY, 1974 
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Post=-Script 


In an entirely different vein, I would like 
to propose that an issue of professional responsibility 
or lack of responsibility exists for hydrologists deal- 
ing with northern waters. Many of the replies to my 
limited survey of northern hydrologic knowledge were 
extremely useful, and I am grateful for them, particularly 
those given by researchers directly involved with northern 
environments. However, a significant number of replies 
from governmental agencies or large design offices 
assumed that the existence of permafrost had no significance 
to river behaviour or hydrology without data to support one 
view or the other. 


However, many of the offices or agencies reply- 
ing in this manner held extensive responsibilities for the 
development of diversions, hydro-electric projects and 
pipeline locations. Ethically, physicians to not permit 
experimental surgery with the human body, and by analogy 
it may well be that hydrologists should resist massive 
experiments with unknown northern water bodies until they 
are better understood. 


In 1785, David Thompson (see Hopwood) wrote of 
a sacred monitou stone that had for centuries marked the 
main passage from Hudson Bay to the western interior of 
Canada. In 1786, the sacred marker was ordered removed 
from the passage because commercial interests felt that 
too much time was being wasted by the Indian employees 
of the fur traders in performing ceremonies of gratitude 
for the passage. 


Thompson; sand later Sir John Franklin, (1819) 
reported the demise of the "Painted Stone" but did not 
reflect upon the philosophy of its removal as they were 
merely employed as surveyors and explorers. Surely one 
hundred and eighty-eight years later, hydrologists might 
have evolved a philosophy that rises above the employee 
level and insists that time must be taken to understand 
the land before commercial exploitation proceeds. 
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